Aims: The present study tested the reproducibility of visual analog scale (VAS) pain scores to measure changes in masseter muscle pain evoked by maximally tolerable mechanical stimulation over a short time period in healthy subjects. . This study also evaluated gender differences in reproducibility of VAS scores to mechanical stimulation. Methods: Ten healthy female and eight healthy male individuals participated in this study. The recordings of VAS pain scores to an identical mechanical pressure on the masseter muscle were performed at 3 different sessions (T1, T2 and T3). The subjects rated their pain on a VAS to a maximally tolerable stimulus that was recorded on an algometer at the first session. The algometer pressure reading was recorded for each subject and used to duplicate the same identical mechanical stimulus at each of the three sessions. This identical pressure was repeated in the same marked spot at 6 minutes and after another 30 minutes. The subject rated the pain on a VAS to this identical stimulus at each session.
Introduction
The most common method of assessing muscle pain is by finger palpation [1] [2] [3] [4] , however, quantification and reproducibility are difficult with this method.
Pressure algometry has been used to quantify muscle pain in the jaws and limbs. [5] [6] [7] [8] [9] [10] [11] [12] [13] The algometer is a pressure (force) gauge calibrated in pounds of force attached to a plunger that is pressed over a subjects muscle. A number of published studies have used the pressure pain threshold algometer reading as their measurement. [5] [6] [7] [8] [9] [10] [11] [12] [13] This method utilizes the patient telling the operator when the algometer pressure first turns to pain. The pressure is recorded from the algometer gauge and the recordings are compared over time. Some studies have indicated that pressure pain recordings were reliable 6, 7 , while others have shown they are not reliable. 8, 9 On the other hand, VAS pain scores have long been a reliable standard for assessing pain. 14, 15 We designed an original model of assessing muscle pain to use in our clinical trials.
This model is to assess the VAS pain scores to a measured mechanical stimulus on the muscle at different time periods. If time course had no effect on the VAS pain score to an identical mechanical stimulus, it might be useful to use this model for assessing pain between periods.
Therefore, the purpose of this study was to test the reproducibility of the subject rating their pain from a measured mechanical stimulus on a visual analog scale (VAS; 0-100mm) over a short time period.
Materials and Method

Subjects
Eighteen healthy subjects (10 females and 8 males) were recruited into the study. The mean age and standard deviation for the 10 females was 35.8 ± 7.6 years, and was 28. antidepressants and over the counter aspirin, tylenol and NSAID's, in the last 24 hours, and current treatment for TMD that was ongoing at the time of the experiment.
Apparatus
The hand-held pressure algometer measures the pressure being applied to a certain area.
A Wagner algometer (model FDK 10, Wagner Instruments, Greenwich, CT) was used. It is calibrated by the factory to meet the specified accuracy of ± 1% of full scale. The tip size was 7mm. by 7mm. square. Measurements were recorded in pounds of pressure and pressure was applied at a constant rate of 1 pound per second.
Recording Procedures
The time course of the experiment was shown in Fig 1. The following process was performed by the same investigator. All subjects were seated in a dental chair in the upright position in a room with one researcher.
1. The right and left masseter muscles were marked extraorally in the approximate center of the muscle with a 5 millimeter diameter sticker.
2. A baseline VAS (0-100mm) pain score of the subject's masseter muscle at rest was recorded by the subject (BL1). The VAS was a 100 mm. line anchored by the words "no pain" and " the most pain I can imagine".
3. An algometer was pressed perpendicularly to the muscle on the marked spot at the constant rate of 1 pound per second on the subject's right side. The subject was instructed to keep their teeth apart. The subject was instructed to raise their hand when the pain became the "most they could stand". The algometer pressure reading was recorded and this same pressure was used for that subject at the next two pressure recordings. Subject then rated their pain to the mechanical stimulation from the algometer pressure on a VAS (T1). This procedure was repeated on the subject's left side. This VAS rating was used as baseline.
4. The algometer pressure reading was recorded at that point so that the same pressure could be duplicated at 6 minutes after (T2) and again at another 30 minutes after (T3).
At 6 minutes after T1, a second baseline VAS pain score at rest was recorded before the second mechanical stimulation (BL2). Then the algometer was pressed at a rate of 1 pound per second on the right side marked spot until the previously recorded pressure was reached. The subject was again asked to rate their pain on a VAS (T2). This was repeated for the other side.6.
At 30 minutes after T2, a third baseline VAS pain score was recorded before the third mechanical stimulation (BL3). Thenthe algometer was again pressed at a rate of 1 pound per second on the right side marked spot until the previously recorded pressure was reached. The subject was again asked to rate their pain on a VAS (T3). This was repeated for the other side.
Statistical Analysis
The significance of the change in VAS pain scores to mechanical stimulation during the A significance level below 0.05 was considered significant.
Results
There was no significant difference to VAS pain scores of all subjects on both masseter muscles among three sessions (repeated measures ANOVA, p=0.733 on the right masseter muscle, p= 0.314 on the left masseter muscle). (Fig 2) Pearson's correlation coefficients of the VAS pain scores to algometer pressure between sessions ranged from 0.791 to 0.876 on the right masseter muscle (Table 1 ) and from 0.862 to 0.933 on the left masseter muscle (Table 2) . Intraclass correlation coefficients (r) of the VAS pain scores to algometer pressure among sessions were 0.811 on the right masseter muscle and 0.844 on the left masseter muscle.
There was no significant difference in change of VAS pain scores of females over three sessions compared to males. (Table 3 , Fig. 3 and Fig. 4 ) (ANOVA, p=0.617 on the right masseter, p=0.815 on the left masseter).
Maximally tolerable mechanical pressure on masseter muscles in each subject was showed in Table 4 . There was no significant difference in maximally tolerable mechanical pressure on masseter muscles of females compared to males. (t-test, t=-0.651, p=0.520)
Discussion
There are many variables in measuring muscle pain with an algometer. Subjects were all seated upright a dental chair in a separate room with only the operator in the room. The problem of using the same location on the muscle was addressed by marking the spot with a sticker, so that the same location could be repeatedly used. We also used the same operator and the same calibrated algometer for all subjects. The operator used the same rate of pressure (one pound of pressure per second) at each measurement on each subject. The duration of pressure varied for each subject, from 2.2 seconds to 9.6 seconds. The pressure required to elicit the maximally tolerable pain response from the subject was recorded and this enabled the operator to repeat the same pressure for that individual subject at subsequent times. Each individual subject had their own specific maximally tolerable magnitude of pressure that was recorded and repeated by using the algometer.
We chose to test VAS pain scores to mechanical pressure at 6 minutes and 30 minutes, because we designed this model to use in two of our clinical trials. Trial one was on the effect of a 6 minute chewing test on muscle pain and trial two was on the effect of 30 minutes of acupuncture treatment on muscle pain.
Some studies have shown that algometer pressure pain threshold measurements are not reproducible in consecutive measurements. 8, 9 Residual pain from the previous algometer pressure has been thought to affect the reading. To address this, we took baseline VAS pain scores at rest and repeated these baseline scores before each algometer measurement. All initial JOP01-16-R 8 baseline scores were 0 mm. However, at the end of the first resting period (BL2), one subject had a score of 2 mm. At the end of the second resting period (BL3), five subjects had scores above 0 mm (2 mm, 3 mm, 3 mm, 12 mm and 15 mm). This was not considered clinically relevant for the scores of 2 mm, 3 mm and 3 mm, since a VAS score of less than 10 mm on a 100 mm is minimal pain. For the scores of 12 mm and 15 mm, which were also considered minimal, this did not seem to effect the next VAS pain score to algometer pressure as they both went down compared to the first algometer VAS score. These slightly elevated (BL3) VAS scores could be due to residual pain from the previous algometer pressure or due to pain variation over time.
Subject variation to algometer pressure over repeated measures was controlled by only recording the first algometer pressure measurement. We repeated this same pressure at each time interval. The subject then only had to mark their VAS pain response to their maximally tolerable pressure. VAS has been shown to be a reliable and valid measurement for pain. 14, 15 This study shows that the VAS pain scores to maximally tolerable mechanical stimulation using an algometer to reproduce the identical amount of pressure for that subject are very reproducible. The absolute mean VAS scores between the three sessions did not vary more than 5mm on a 100mm scale. Intraclass correlation coefficient of reliability (r) was 0.811 on right masseter and 0.884 on left masseter, which shows an excellent degree of reliability. In general, rvalues of 0.75 and above represent excellent reliability. [16] [17] [18] Our study did not show any gender difference in reproducibility and this is consistent with other algometer studies of the masticatory muscles. 5, 19, 20 A previous study indicates that women report more severe pain, more frequent pain, and pain of longer duration than do men. 21 At the level of masticatory muscles, myofascial pain has been reported to worsen during the menstrual and premenstrual periods 22 . In our study, all the participants were healthy subjects and JOP01-16-R 9 intervals of mechanical stimulation were short time periods (i.e. 6 minutes and 30 minutes). We suppose that is why gender did not affect the reproducibility in this experiment.
This method also needs to be tested on other muscles as well as over the long term.
However, this method of measuring pressure-pain response appears to have potential for both clinical and research application.
Conclusion
In this study VAS pain scores to maximally tolerable mechanical stimulation were reproducible over a short time period. Gender did not affect the reproducibility. This previously unreported method of measuring pain to repeated identical mechanical stimulation appears to have potential for both clinical and research application.
